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Abstract
A computational scheme is developed for simulating gas–particle flow in diesel particulate filter (DPF). It is composed of the
lattice Boltzmann method for the gas and the Brownian dynamics method for soot particles suspended in the gas. In this scheme,
the gas exerts a drag force on each particle, and on the other hand accumulated soot particles obstruct the gas flow by decreasing
the gas permeability. Based on the analysis of the overall gas flow through DPF, the developed scheme is applied to simulating the
gas–particle flow through a porous structure, which is fabricated by packing powder particles of several tens of micrometer size
with the discrete element method so as to mimic the porous wall in SiC-DPF. At the initial stage of the simulation, the filtration
efficiency of the porous structure in its clean state is evaluated as a function of diameter of the soot particle, and it is found out that
the dominant collection mechanism transfers from the Brownian diffusion to the direct interception around the particle diameter of
300 nm, and the filtration efficiency has the minimum at around this diameter. A coupled simulation of the gas flow and the particle
dynamics is executed repeatedly, updating the flow velocity and the gas permeability, until a considerable amount of soot particles
accumulates in the porous structure. From this simulation, it is confirmed that the developed scheme can reproduce improvement
of the filtration efficiency and deterioration of the back pressure caused by the accumulation of soot particles.
c© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction
Because of the fuel economy, a diesel engine is an effective means of reducing carbon dioxide (CO2) emissions
and preventing the problem of global warming. However, it used to emit considerable amount of soot particles. While
remarkable reduction of the soot emission has been accomplished by engine improvement, there is still room for
decreasing the emission level. The diesel particulate filter (DPF) is a typical after-treatment device for trapping soot
particles contained in diesel engine exhaust gas [1]. DPF is becoming an indispensable device to diesel engine vehicles.
Many kinds of DPF involving different filter media and geometric configurations have been invented in the last
20 years [2]. In this paper, we examine a kind of DPF which consists of rectangular channels partitioned by porous
walls made of ceramic materials, such as cordierite or silicon carbide (SiC). Channels of the DPF are classified into
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two groups, one blocked with a ceramic plug at the inlet and the other at the outlet, and channels are arranged to form
a honeycomb with a checkerboard like cross section so that one of the former group is surrounded by those of the
latter group, and vice versa. Owing to the characteristic structure of the DPF, the exhaust gas must flow through the
porous wall to reach the outlet, and soot particles suspended in it are trapped on that occasion. This is the fundamental
operation principle of this kind of DPF.
Many works have been done on the mathematical modeling and the numerical simulation of DPF [2], and the
number of papers on this subject is still increasing rapidly [3]. Konstandopoulos and Johnson [4] developed the flow
model and the filtration model for DPF in its clean state. Effect of the soot loading was investigated on the pressure
drop and the filtration efficiency of DPF in Ref. [2]. Thermal regeneration of DPF was studied by Bisset [5,6], and its
extension is still being continued even now [7]. Since the principal object of these works is to explore and predict the
device-scale (cm) and the channel-scale (mm) properties of DPF, phenomena occurring on the pore-scale (µm) and the
particle-scale (nm) are lumped together into a few parameters fitted to experimental data. These investigations did not
provide the detailed meso-scale1 information about gas–particle flow within the pore structure of the filter wall of DPF,
while detailed understanding of the meso-scale phenomena is demanded for improving performance characteristics of
DPF. Modern computer simulation techniques suitable to meso-scale phenomena seem to be invaluable in achieving
such information.
The Lattice-Boltzmann method (LBM) was found to be easily applied to fluid flows in porous media immediately
after their discovery, and has recently attracted considerable attention [8]. LBM simulations can be performed from
simple information on geometry of porous media whether porous material exists on each LBM grid point or not. This
method has already been applied to analysis of gas flow through porous walls of DPF [9,10]. The most difficult
problem in applying LBM is preparation of the geometry data of porous media. Konstandopoulos [9] adopted
a computer reconstruction method to mimic porous media microstructures of SiC soot filters, and reported good
agreement between gas permeability of the porous media measured experimentally and that calculated by the LBM
simulation. Muntean et al. [10] constructed three-dimensional geometry input of LBM from images taken with an
optical microscope for a cordierite soot filter, and simulated flow field in the porous structure with LBM. However,
these studies have not stepped into the description of the motion of soot particles.2
Filippova and Ha¨nel [11] developed an LBM scheme for simulating gas–particle flow, particularly a second-order
accurate boundary condition for curved shapes, and simulated gas–particle flow through a filter. It is remarkable that
influence of the solid particles on the fluid flow is taken into account in their simulation. However, they adopted
Newton’s equation to describe the particle motion, in which only deterministic forces such as the gravity and drag
forces are considered, and hence their scheme cannot be applied to soot particles of submicron size contained in
diesel engine exhaust gas, because the Brownian movement is essentially important for submicron particles.
Solving the Langevin equation numerically, often referred to the Brownian dynamics method [12], may be a
powerful way of describing the motion of soot particles. This method was applied to aerosol deposition problems
to a simple filter unit by Kanaoka [13] and Gupta [14]. Ramarao et al. [15] calculated the collection efficiency of a
single fiber under combined effect of Brownian diffusion, inertial impaction, and direct interception by the use of this
method. Chang et al. [16] applied the Brownian dynamics method to deposition of colloidal particles onto collector
surfaces of a porous medium whose structure is represented by the constricted tube model. These calculations used
an analytical solution of flow field for a simple obstacle such as cylinder or sphere. None of the previous studies
performed a Brownian dynamics coupled with a detailed calculation of fluid flow on the pore-scale, as far as we are
aware.
The purpose of this paper is to present a prescription for describing the gas–particle flow through DPF and
to simulate the dynamics of soot particles of submicron size for exploring the filter properties. For this purpose,
characteristics of the device-scale gas flow field is clarified before everything in Section 2.1. Then, we proceed to
analyze gas-flow on the pore-scale in Section 2.2. In this analysis, we consider a porous medium mimicking the
porous wall of SiC-DPF, which is fabricated with a computer simulation using the distinct element method. Based on
the pore-scale flow analysis, dynamics of soot particles of submicron size are investigated in Section 3. Our method of
calculation is compared with the other method in Section 4. Conclusions obtained in this work are stated in Section 5.
1 Let us designate combined scale of the pore-scale and the particle-scale as meso-scale hereafter.
2 Recently, these two groups have reported their preliminary results of simulations of the particle motion on the meso-scale. See Ref. [32] and
http://www.cleers.org/.
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Fig. 1. Overall gas flow through a typical DPF on the device-scale.
Fig. 2. Enlarged view of the central part of Fig. 1.
2. Analysis of exhaust gas flow
Since soot particles are suspended in the exhaust gas and move together with it, flow analysis of the exhaust gas is
indispensable for describing the motion of soot particles. In this work, the flow analysis is divided into the device-scale
analysis and the pore-scale analysis, and they are executed one by one.
2.1. Device-scale flow analysis
An attempt to analyze the overall gas flow through DPF in the resolution adjusted to the pore size of a porous wall
of DPF leads to an enormous computational problem with long computation times and large memory requirements.
Consequently, the structure of the porous wall must be coarse-grained, and then its influence is incorporated in the
device-scale calculations. In this work, the Brinkman equation [17] is adopted for describing the fluid flow in the
porous wall to accomplish the coarse-graining procedure, and the device-scale flow analysis is performed by using
this equation in conjunction with the Navier–Stokes equation for the gas flow in the channel of DPF.
The lattice Boltzmann method (LBM) [8] is used as a method for numerical solution of the both equations.
Although LBM is known as a method for solving the Navier–Stokes equation, it can be used to solve the Brinkman
equation as well [18]. For this purpose, we turn our attention to the fact that the Brinkman equation can be thought of
as a Navier–Stokes equation with an external force proportional to the fluid velocity, and it can be solved by the use
of LBM with the external force. We use LBM with the fifteen-velocity model (D3Q15) in this work [19].
An example of results of the overall gas flow analysis is shown in Fig. 1. This figure displays the gas flow velocity
vectors on the central cross section of a typical DPF, where the length and width of the channel are 5 cm and 2 mm,
and the wall has thickness of 0.4 mm and gas permeability of 6.8×10−13 m2. The inlet flow velocity of this calculation
is 0.26 m/s. In this figure, gray color of each line segment represents magnitude of the flow velocity, so that brighter
is larger and darker is smaller. This figure shows that the exhaust gas flows into DPF from the left side connected to
an engine and penetrates the porous wall during flowing in the inlet channel, and then moves into the outlet channel
and flows out to the right side connected to the atmosphere.
Fig. 2 is an enlarged view of the central part of Fig. 1. Each arrow is drawn with the same length independent
of magnitude of a velocity vector, and represents direction of a flow velocity at each location. The belt region with
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Fig. 3. Dependence of porosity of packed particles on particle size.
arrows perpendicular to the channel of DPF corresponds to the porous wall. This figure indicates that the exhaust gas
flows across the porous wall perpendicularly to the channel of DPF, as was stated in Ref. [20] for example.
2.2. Pore-scale flow analysis
In order to calculate the gas flow on the pore-scale, we need to prepare structural data of the porous media either
from experimental measurement, such as X-ray computer tomography, or computer simulation. In this paper the
latter means is adopted, and a structural model mimicking the porous wall of SiC-DPF is fabricated with a computer
simulation using the distinct element method (DEM) [21]. DEM is based on numerical solution of Newton’s equations
for rigid particles interacting each other through elastic repulsion and friction. The porous media in SiC-DPF is
manufactured by packing of powder particles of SiC with diameter of several tens of micrometer. We mimic this
packing process through a computer simulation using DEM.
We must pay attention to difference between the packing behavior of fine particles and that of coarse particles. This
difference is highlighted by the increase in the porosity of packed particles along with decreasing particle size. It has
been demonstrated that this porosity behavior can be reproduced by the use of an extended DEM in which the van der
Waals force is taken into account as an attractive force between particles in addition to the contact force [22]. We have
adopted this extended DEM in this work.
Decreasing the particle size from 1000 µm to 5 µm, DEM simulations have been done on an assembly of 1024
particles of the same size. We have used the same material parameters of DEM, such as elastic constants, friction
constants and the Hamekar constant, and the same initial condition as those of Ref. [22]. Using DEM, we have
simulated a dynamic packing process, in which the particles fall down onto a plate under gravity, and then they lose
their kinetic energy to settle down in their stable position due to the friction. Several kinds of porous medium have
been obtained as a result of the simulation.
Porosity of each porous medium is estimated from the simulated structure of packed particles, and plotted in Fig. 3
as a function of the particle diameter. In this figure, the result of the present work is compared with experimental
results of Milewski [23] and Feng et al. [24] and that calculated by Yang et al. [22]. We can see from this figure that
these experimental and simulated results are in good agreement with each other.
Pore size distributions are measured from the simulated porous structures, and shown in Fig. 4. To obtain this
result, we have used the cumulative pore volume method according to Ref. [25].
Since the exhaust gas flows across the porous wall perpendicularly to the channel of DPF as shown in Section 2.1,
we can impose a simple boundary condition on the pore-scale flow analysis with LBM: constant velocity on the inlet
plane, constant pressure on the outlet plane, and periodic boundary for the direction perpendicular to the main flow.
We have used the bounce back boundary condition on a pore surface in the porous medium. To impose the bounce
back boundary condition, we need geometry information whether an LBM grid point is located within the porous
medium or in the free space. To get this information, we cut the simulated packed particles into cubic shape with edge
length of ten times of the particle diameter, and divide the cube into 100×100×100 voxels whose vertex constructs an
LBM grid, and then examined the existence of rigid particles at each LBM grid point. An example of the result of the
pore-scale flow analysis is shown in Fig. 5. In this figure, velocity vectors of the fluid are superimposed on the porous
medium composed of particles with diameter of 20 µm. The inlet flow velocity of this calculation is 4.6 mm/s, which
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Fig. 4. Pore size distribution of simulated porous media.
Fig. 5. Simulated porous structure and pore-scale flow analysis.
is evaluated from the inlet flow velocity on the device-scale mentioned above using the dimensions of the channel in
the DPF.
3. Dynamics of soot particles
Using the result of the flow analysis in the previous section, we simulate dynamical motion of soot particles in the
10 nm to 1 µm size range in the porous structure. Based on the results of the simulation, efficiency and mechanism
will be investigated for filtration of soot particles in DPF.
3.1. Simulation technique
Since the Brownian movement is essentially important for submicron particles, we simulate dynamics of soot
particles with the Langevin equation, in which drag and stochastic forces from gas flow, gravitational force, and
thermophoretic force are taken into account. Efficient algorithm for numerical integration of the Langevin equation
has been developed based on Monte Carlo method, and is called the Brownian dynamics method [12]. Using this
method, we can describe the motion of particles suspended in a fluid in a wide parameter range of particle size and
fluid velocity, and consequently, we can investigate filtration phenomena occurring in DPF in consideration with all
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Table 1
Numerical values of the physical properties of the gas and the particle
Symbol Numerical value Unit
µ 1.05× 10−6T 1/2 kg/m/s
ν 5.12× 10−8T m2/s
`p 2.18× 10−10T m
ρp 2.25× 103 kg/m3
ρ f 1.29/(1+ 3.67× 10−3T ) kg/m3
κp 4.43× 10−1T 1/4 W/m/K
κg 2.56× 10−4T 0.8 W/m/K
T is the absolute temperature.
the important mechanisms, such as gravitational sedimentation, Brownian diffusion, inertial impaction, and direct
interception [26].
The Langevin equation for a particle with mass m and velocity v can be written as
m
dv
dt
= F f + Fg + Ft + Fb, (1)
where F f , Fg , Ft , and Fb are the drag force, the gravitational force, the thermophoretic force, and the stochastic force,
respectively. In terms of the diameter of the particle dp, the gas flow velocity V, the gravitational acceleration g, and
the gas temperature T , the forces F f , Fg , and Ft are expressed as follows [26]:
F f = − f × (v− V) = − 3piµdp
1+ 2`pdp
(
A1 + A2 exp
[
− A3dp
`p
]) (v− V), (2)
Fg = 4pi3
(
dp
2
)3 (
ρp − ρ f
)
g, (3)
Ft = −
6piµνdpCs
(
kg
kp
+ Ct 2`pdp
)
(
1+ 3Cm 2`pdp
) (
1+ 2 kgkp + 2Ct
2`p
dp
) ∇T
T
. (4)
Here, µ and ν are the viscosity and dynamical viscosity of the gas, `p is the mean free path of the gas molecule, ρp
and ρ f are the density of the particle and the gas, and kp and kg are the thermal conductance of the particle and the
gas. A1, A2, and A3 in Eq. (2) and Cs , Ct , and Cm are non-dimensional constants. According to Ref. [26], we set the
values of these constants as A1 = 1.257, A2 = 0.4, A3 = 0.55, Cs = 1.17,Ct = 2.18, and Cm = 1.14. For the case
when the gas is air and the particle is composed of graphite, numerical values of the physical properties of the gas and
the particle are summarized in Table 1, which will be used in the numerical calculations in the following section.
In the Brownian dynamics method, the random force Fb in Eq. (1) is specified through the mean and the mean
square
〈Fb〉 = 0, (5)〈
Fb(t) • Fb(t ′)
〉 = 6 f kBT δ(t − t ′), (6)
where δ(t) is the Dirac delta function and kB is the Boltzmann constant. A detailed method of solution is described
in [12] for the stochastic differential equation containing the random force Fb.
To calculate the drag force from the gas flow, one needs the fluid velocity at the particle position, but the fluid
velocity is given only at discrete points on the LBM grid. According to [27], we compute the fluid velocity at the
particle position from the nearby eight lattice points on the LBM grid by the use of a simple linear interpolation
formula. We have checked the accuracy of the linear interpolation by doing another calculation using a zeroth order
interpolation in which the fluid velocity at the particle position is approximated to be that on the nearest neighbour
LBM grid point. It is found out that the difference between the linear interpolation and the zeroth order one is less than
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a few percent for filtration efficiency mentioned in the next section. Hence, the simple linear interpolation formula is
confirmed to be accurate enough for our purpose.
At the start of the simulation, we choose particle positions randomly on the inlet plane of the fluid flow, and set the
particle velocity at the value of fluid velocity at the particle position. Under this initial condition, the trajectory of the
soot particles can be constructed according to the Brownian dynamics method. An trajectory calculation for a particle
is stopped either when the particle touches the porous medium, or when it escapes from the outlet of the fluid flow.
We calculate the filtration efficiency of the porous medium from the portion of soot particles stopped by the former
criterion.
Let us judge whether a particle is touching the porous medium or not, according to the following procedure. We
designate an LBM lattice point inside the porous medium as a material node, and one in the free space as a fluid node.
At every time step, we check whether each of the eight lattice points surrounding a particle is a material node or a
fluid node, and if at least one of them is a material node, we calculate the distance between a particle and each of the
material nodes surrounding it, and denote the smallest distance among them by R. If R satisfies the condition:
R ≤ L + dp
2
, (7)
we judge that the particle is touching the porous medium, and stop it immediately at its current position, where L is
the lattice constant of the LBM grid. We can do a simulation neglecting the direct interception effect by omitting dp
from the right term of Eq. (7).
It is experimentally observed that filtration efficiency of DPF increases accompanying with accumulation of
deposited soot particles. The cause of this phenomenon has been explained in terms of trapping particles by already
deposited ones. To simulate the increase in the filtration efficiency through this mechanism, we execute collision
detection between a particle in motion and deposited ones at every time step of the Brownian dynamics.
Deposited soot particles play another role. They deteriorate back pressure of DPF. To simulate this deterioration,
one needs to take into account the effect of deposited soot particles on the gas flow. We include this effect into our
simulation by introducing a frictional force f operating on the fluid, which is calculated from the gas permeability κ
at each LBM lattice point using the following expression:
f = −ν
κ
V. (8)
In this work, we have determined the gas permeability using the Blake–Kozeny formula [28]:
κ = φ
3d2p
150(1− φ)2 , (9)
where φ is the porosity of an assembly of soot particles deposited at around a lattice point. Since the frictional force
changes its value along with the progress of soot accumulation, we recalculate the frictional force for every time when
the trajectory calculation for 10 000 particles have finished, and the fluid motion is updated accordingly.
3.2. Results of calculation
We have executed several kinds of simulations of the particle motion coupled with the fluid flow through the pore
structure shown in Fig. 5. Results of these simulations are presented below.
At first, we have evaluated filtration efficiencies as a function of particle size for the pore structure in its clean state
with no deposited particle, and have plotted them in Fig. 6. In this calculation, the fluid velocity averaged over the
inlet plane is 2.8 mm/s, and the gravitational force and the thermophoretic force are neglected. Fig. 6(a), (b), and
(c) are the calculated filtration efficiency for the porous medium composed of powder particles of 20 µm size, 50 µm
size, and 100 µm size, respectively. In these figures, we can see that the filtration efficiency is a decreasing function
of the particle size in the region of less than 300 nm, and consequently we can conclude that the dominant filtration
mechanism is the Brownian diffusion in this region.
Moreover, two cases, one calculated with taking into account the direct interception effect, and the other calculated
with neglecting this effect, are compared in Fig. 6. From this result, we can make two observations that (i) the
interception effect is effective only for particles over 200 nm, and (ii) it becomes prominent with decreasing the
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Fig. 6. Filtration efficiency of simulated porous media in its clean state. Diameter of powder particles composing the porous media is 20 µm in (a),
50 µm in (b), and 100 µm in (c). Two calculations with and without the direct interception effect are compared.
size of powder particles of a porous medium. The latter observation can be explained from the decrease in pore size
with decreasing the size of powder particles as was shown in Fig. 4.
At the next, we have prepared a soot loaded porous structure by repeating the trajectory calculations for soot
particles and the pore-scale flow analysis, one after the other. Fig. 7(a), (b), and (c) are snapshots of the simulation
showing the state of the porous structure as it loads 0, 2× 106, and 5× 106 number of soot particles of 200 nm size,
respectively. White dots in this figure represent the soot particles. Assuming that the particle is spherical in shape and
its density is same as that of graphite, weight density of soot particles accumulated in the porous structure is estimated
as 0.26 g/l per 106 number of particles.
We have calculated filtration efficiency and back pressure of the soot loaded porous structure as a function of
number of accumulated soot particles, and have plotted them in Figs. 8 and 9.
In Fig. 8, we compare the size specific filtration efficiency of the porous structure at the clean state and those at the
several soot loaded states. We can see from this figure that our simulation can reproduce the experimentally observed
phenomena, increase in the filtration efficiency of soot loaded filters, through the particle-scale simulation.
Fig. 9(a) shows dependence of pressure loss on the number of accumulated soot particles. The ordinate of this
figure is the ratio between pressure loss in the clean state and that in the soot loaded state. We can see from this figure
that the pressure loss increases rapidly in the region of the deposited particle number less than 4× 106.
Fig. 9(b) shows the filtration efficiency averaged over the particle size. The curve attached with “Total” represents
the filtration efficiency in the whole region of the porous media, and the curve with “Surface” indicates the trapping
probability on or above the top surface of the porous media. We can see from the former curve that the filtration
efficiency becomes about 100% after deposition of more than 3 × 106 particles, and from the latter curve that the
trapping of soot particles occurs mainly at the surface of the porous media after deposition of more than 4 × 106
particles. The latter finding reminds us of the cause of the pressure loss curve in Fig. 9(a). As long as the amount
of deposited soot is small, soot particles are trapped mostly in the pore through the deep-bed filtration mechanism,
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Fig. 7. Porous structure and soot particles accumulated in it. White dots represent the soot particles of 200 nm size. Number of the soot particles is
0 in (a), 2× 106 in (b), and 5× 106 in (c).
Fig. 8. Dependence of size specific filtration efficiency of the simulated porous media on the number of soot particles accumulated in it.
and thereby the pressure loss increases rapidly. After the progress of soot accumulation, a layer of soot particles, the
so-called soot cake, is formed on the surface, and the majority of soot particles trapped in it through the cake filtration
mechanism, and the slope of the pressure loss curve becomes gentle as a result. We have confirmed the generally
accepted hypothesis for the explanation of the pressure loss versus amount of soot curve through the particle-scale
simulation for the first time, as far as we are aware.
4. Discussions
In this work, we have used the Brownian dynamics method to simulate the Brownian movement of a soot particle
suspended in a gas. There is another means to describe the Brownian movement of a particle immersed in a fluid,
which is addressed as a fluctuating lattice Boltzmann method [29–31]. In this section, we discuss difference between
these two methods from a viewpoint of their applicability.
In the fluctuating lattice Boltzmann method, both of deterministic and stochastic forces operating on a particle
immersed in a fluid are calculated from momentum exchange between the particle and the fluid. Using this method,
we can simulate that the particle is driven by the forces, and the particle motion induces fluid flow around the particle.
Ability to describe the change in flow induced by the moving particle, which is neglected in the preset paper, is an
advantage of this method. However, this method is not suitable to describe the Brownian movement of a submicron
sized particle in a gas, because it is valid in the hydrodynamic regime, the range of small Knudsen number. As the
particle size decreases to less than one micro meter, the mean free path of a gas molecule becomes comparable to or
larger than the particle size, and the Knudsen number increases to larger than 0.1, as we can estimate from the value
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Fig. 9. Dependence of the pressure loss (a) and the filtration efficiency averaged over the particle size (b) on the number of deposited soot particles.
The words “Total” and “Surface” attached to curves in (b) indicate the filtration efficiency in the whole region of the porous media and the trapping
probability on or above the surface of the porous media, respectively.
of the mean free path in Table 1. In this region, the slip correction becomes important, and the gas–particle interaction
becomes less than predicted from Stokes law, while the fluctuating lattice Boltzmann method gives Stokes law, being
independent of the particle size. This method can be applied to simulate particulate motion in a liquid, in which the
mean free path of constituent molecules is atomic order, and consequently the Knudsen number is always small.
In the Brownian dynamics method, effect of the large Knudsen number is incorporated in the gas–particle
interaction. The slip correction in the fluid–particle interaction have been studied sufficiently and we can use an
interpolation formula, such as Eq. (2), to cover the entire range of values of the Knudsen number from the continuum
to the free molecule regimes. Using the interpolation formula, we can take into account the slip correction both in the
deterministic friction force of Eq. (2) and in the stochastic thermal noise of Eqs. (5) and (6). Accordingly, we can
correctly simulate the dynamics of a submicron sized particle suspended in a gas.
5. Conclusions
Conclusions obtained in this work are summarized as follows:
(1) Applying the Brinkman equation to the Porous wall of DPF and Navier–Stokes equation to the channel part of
DPF, we have performed a gas flow analysis in the device-scale, and we have found out that the exhaust gas flows
across the porous wall perpendicularly to the channel of DPF.
(2) We have executed packing simulations for powder particles changing their diameter from 5 µm to 1 mm by
the use of the extended DEM, in which van der Waals force is taken into account between particles, and prepared a
porous structure mimicking a porous wall of SiC-DPF. We have confirmed that the extended DEM can demonstrate
the increase in the porosity of the porous structure along with decreasing the particle size.
(3) We have performed the pore-scale flow analysis for the porous structure by the use of LBM. Coupling the
pore-scale flow analysis with the Brownian dynamics method, we have described dynamics of soot particles with
submicron size taking into account all of the dominant filtration mechanism. Using this method, we have calculated
filtration efficiency of the porous structure, changing soot particle size from 10 nm to 1 µm, and we have found out that
the dominant filtration mechanism is the Brownian diffusion for particles less than 300 nm and the direct interception
for particles over 300 nm.
(4) We have proposed a prescription for the evaluating effect of accumulated soot particles on the gas flow, and
have calculated the filtration efficiency and pressure loss of the porous structure as a function of amount of deposited
soot particles. We have confirmed that the deep-bed filtration within the pore brings steep increase in pressure loss
and soot cake created on the surface makes the curve gentle.
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